The cryobiology of rat and human dendritic cells: preservation and destruction of membrane integrity by freezing.
Dendritic cells (DCs) are now regarded as specialized leucocytes with distinctive morphological and functional characteristics as accessory or stimulator cells for many lymphocyte responses. While knowledge of the response of other leucocytes (e.g., lymphocytes, macrophages, and granulocytes) to freezing and thawing has been established for some years, an understanding of the cryobiological properties of DCs has not, hitherto, been determined specifically. Such information is important both for establishing procedures for the long-term storage of these cells for use in immunological procedures and for defining freezing conditions that might selectively kill DCs in attempts to modulate the immunogenicity of transplantable tissues during cryopreservation. Preparations of rat and human spleen cells enriched for DCs were frozen to -60 degrees C at one of six cooling rates (0.3, 1.5, 10, 20, 70, or 150 degrees C/min) using a procedure that was established for pancreatic islets with 2 M dimethyl sulfoxide (Me2SO) as the cryoprotectant. Following storage at -196 degrees C the survival of thawed cells was assessed by evaluating both the numbers of cells recovered after the complete process and the membrane integrity of the recovered cells using a supravital fluorescent probe assay. Survival profiles for DCs showed a dependence upon cooling rate similar to other lymphoid cells but DCs were more sensitive to freezing injury than either lymphocytes or macrophages: Optimum survival (75% recovery of numbers and 57% membrane integrity) of rat DCs was achieved by slow cooling (0.3 degrees C/min). Optimal recovery of human DCs was significantly higher (83% recovery of numbers and 72% membrane integrity) after cooling at either 0.3 or 1.5 degrees C/min. The viable yield of DCs from both species declined abruptly as cooling rate was increased, with less than 10% survival after cooling at 20 degrees C/min and negligible survival after cooling at 70 degrees C/min or greater. Analysis of variance of the survival data showed that the response of DCs to freezing and thawing was significantly different (P less than 0.005) from that of either lymphocytes or macrophages, thus providing additional evidence that DCs are distinct from other leucocytes, especially macrophages. This study defines conditions that either will provide effective cryopreservation of DCs for immunological purposes or are most likely to bring about their inactivation in cryobiological approaches to modulating tissue immunogenicity.